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Statement of the Problem Studied: 

This project sought to synthesize and study the functions of new metallo-polymers prepared using 
the technique of subcomponent self-assembly. Two main subprojects validated our strategy, as 
described below. 

Subproject A: 

This project resulted in the creation of water soluble metal-containing polymeric material using 
subcomponent self-assembly. We developed the synthesis of double helical polymeric species 
according to the general procedure depicted in Scheme 1. 

 

 

 

Scheme 1. Proposed synthetic path for the creation of water soluble metal containing polymers 
with a double helical shape 

The polymers of Subproject A proved to be white-light emitters when built into devices in 
collaboration with the group of Richard Friend in the Cambridge Physics Department. These 
devices are described in the attached draft manuscript titled ‘Aqueous Self-assembly of an 
Electroluminescent Double-helical Metallo-polymer’, to be submitted shortly to the Journal of the 
American Chemical Society. 

 

Subproject B: 

In a second part of the project we have investigated the use of linear diamine and dialdehyde 
subcomponents to prepare rigid, linear polymers. Sterically hindered ancillary ligands such as 
trioctyl phosphine (TOP) were added to the copper coordination sphere in order to cap the vacant 
coordination sites, thus inhibiting crosslink formation and forcing linear growth by steric 
hindrance. The subcomponents used for this purpose are 1,4-phenylenediamine, 3,3’-bipyridine 
4,4’-dicarboxaldehyde, copper(I) and TOP in DMSO as depicted in Scheme 2.  
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Scheme 2. The preparation of conjugated metal-organic polymer 1. 

This polymer displayed a novel tendency to gel its solvent at high temperature, whereas most gel-
forming polymers do so as the temperature is lowered. This work was reported in ‘A dynamic-
covalent, luminescent metallopolymer that undergoes sol-to-gel transition on temperature rise’, X. 
de Hatten, N. Bell, N. Yufa, G. Christmann, J.R. Nitschke, J. Am. Chem. Soc. 2011, 133, 3158-3164, a 
reprint of which is included with this report. 

Two of our key initial project goals have thus been met: we have validated the use of 
subcomponent self-assembly in the formation of metal-containing polymers, and these polymers 
have been shown to display novel and useful properties. Our key innovation has been to shift 
complexity away from devices, which are challenging to fabricate, towards molecules, which are 
challenging to synthesize. Our understanding of self-assembly rules can then be used shift 
intellectual effort away from designing individual molecules and towards the design of systems 
that can self assemble to express a desired function. 

Other work: 

Wenjing Meng, a PhD student who has just graduated and who was partially supported through 
this ARO grant, worked on several lines of enquiry described in the initial grant proposal, which 

ultimately did not prove fruitful. These consisted mostly in trying to use -diketones as 
subcomponents for polymers. She then shifted her efforts to other projects, funded by the 
European Research Council. Because the first part of her studies in Cambridge was funded by this 
grant, ARO support has been acknowledged also on the following publications: 

"Transformative Binding and Release of Gold Guests from a Self-Assembled Cu8L4 Tube", Wenjing 
Meng, Jack K. Clegg and Jonathan R. Nitschke, Angew. Chem. Int. Ed., 2012, 51, 1881-1884. 

 "A self-assembled M8L6 cubic cage that selectively encapsulates large aromatic guests", W. Meng, 
B. Breiner, K. Rissanen, J.D. Thoburn, J.K. Clegg and J.R. Nitschke, Angew. Chem. Int. Ed. 2011, 
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50, 3479-3483. Featured on the inside front cover of Angew. Chem. Int. 
Ed. 2008, 50 (15). Highlighted in Chem. Eng. News 2011, 89, 41-42. 

I remain very grateful to the Army Research Office’s division of Basic Research for providing seed 
funding to allow this strand of research to take off within my group. 




